Summary. The present studies show that the higher transmission ratio of mutant tn spermatozoa in mice can be correlated with a reduction in the NADH/NAD ratio and increased oxygen uptake, both reflecting an increased rate of energy metabolism. It has been shown that the increased energy metabolism is related to the presence of the tn allele in the pooled sample; therefore, it is postulated that the meiotic drive associated with T+/tn mice is a function of the increased energy metabolism of the tn-bearing spermatozoa.
INTRODUCTION
Meiotic drive has been defined as either an alteration of normal meiosis (Sandier & Novitski, 1957) or as a transmissional anomaly (Lewontin, 1962) which results in an increased transmission frequency of spermatozoa carrying one gene over those carrying its alíele. The increased transmission rate is independent of any deleterious effect of the driven gene. One example of meiotic drive is found in mice, where certain t" alíeles of the (or brachyury) locus are transmitted in a non-Mendelian frequency (Dunn, 1960;  Yanagisawa, Dunn & Bennett, 1961) . The dominant short-tail alíele, , is an embryonic lethal in the homozygous condition (Dunn, 1956) , but in combination with other mutant alíeles (Tjt") or with its wild-type alíele (T+ ¡T) produces viable offspring which are tailless or short-tailed respectively. Males heterozygous for the dominant short-tail alíele ( *¡ ) transmit the alíeles in a 1:1 ratio, as do also all heterozygous females (T+¡T; Tjt"). Conversely, males heterozygous (T+jt"; T/t") for certain t" alíeles transmit the t" alíele with a frequency greater than 50%. There is no evidence that the male segregation ratio abnormality is the result of extra postmeiotic mitoses of ¿-allele-bearing spermatozoa or that these spermatozoa are present in significantly higher numbers in seminal fluid (Bryson, 1944) .
It has been suggested that ¿"-hearing spermatozoa have a physiological advantage over T+ or spermatozoa and that the time of this advantage is between ejaculation and fertilization (Braden, 1958 (Hamner & Williams, 1963) , an investigation was begun to determine the levels of respira¬ tion of T+, T, and t" epididymal spermatozoa. A preliminary study suggested that there were energy differences between pooled spermatozoa from T+¡T+, T+/T, and T+¡t" males (Ginsberg & Hillman, 1973 (Smith, 1956; Ginsberg & Hillman, 1973) . 50-µ1 sample was used for density reading, and two 100-µ1 aliquots were removed for separate extractions and determina¬ tions of NAD and NADH (Glock & McLean, 1955) . One 100-µ1 aliquot was added to 200 µ of 0-1 n-HCI (to extract NAD) at 85°C, and the other to 200 µ of 0-1 N-NaOH (to extract NADH) at 85°C. The sperm suspensions were incubated at 85°C for 2 min, immersed in an ice bath for an additional 3 min and the suspension was then neutralized with either 0-1 N-NaOH or 0-1 N-HCI. The concentrations of NAD and NADH were determined by an oxygen electrode at 25°C (Greenbaum, Clark & McLean, 1965) . The density of the 50-µ1 aliquot was read spectrophotometrically at 500 nm and the number of spermatozoa determined by comparing the sample density to standard curves of known numbers of spermatozoa (Nelson, 1972 The protocol for the 02 uptake studies was a modification ofthat described by Peterson & Freund (1970 (Bryson, 1944) . This increased motility, a function of increased metabolism, could therefore result in a disproportionate number of ¿-bearing spermatozoa being present at the site of fertilization. It has recently been shown that the abilities to become capacitated and to fertilize are proportionally related to the levels of aerobic respiration and that these metabolic levels are, in turn, dependent upon the length of time sperma¬ tozoa remain in the female reproductive tract before fertilization (Hamner & Williams, 1963) . It has also been shown that epididymal spermatozoa can be capacitated and can fertilize mouse ova in vitro, the percentage of capacitation and fertilization being substrate-dependent (Miyamoto & Chang, 1973 (Bishop, 1957; Hamner & Williams, 1965; Holmdahl & Mastroianni, 1965) , and although the present study shows that this substrate alone supports a higher rate of respiration in pooled spermatozoa from T+/T+ and T+ ¡T males than from pooled sperma¬ tozoa from 7"+/¿" males, the fact that this substrate does not support capacita¬ tion and fertilization in vitro (Miyamoto & Chang, 1973) (Bishop, 1957; Hamner & Williams, 1965; Holmdahl & Mastroianni, 1965; David, Brackett, Garcia & Mastroianni, 1969) , and both known to promote capacitation and fertilization in vitro (Miyamoto & Chang, 1973) , increase the rate of respiration of the mutant pooled spermatozoa significantly over that of pooled control spermatozoa. Fructose, the reducing sugar present in seminal fluid (Mann, 1946) (Braden, 1958; Yanagisawa et al., 1961 ; Erickson, 1973) . For a higher rate of respiration to be effective in increasing capacitation and fertilization in vivo, spermatozoa must remain in the female reproductive tract for a period longer than 2 hr and less than 7 hr. Optimum capacity is reached after incuba¬ tion for 6 hr (Hamner & Williams, 1963) . In delayed matings, since the spermatozoa reside in the female for as little as 1 hr before fertilization (Braden, 1958) , the increased respiration by the mutant-bearing spermatozoa over the T+-bearing spermatozoa may not be effective. Under these conditions, the ¿-bearing spermatozoa would not be 'driven' and ova would be fertilized by 7"+ and ¿" spermatozoa equally. A longer sojourn of the spermatozoa in the female oviduct before fertilization would, on the other hand, enable the ¿-bearing spermatozoa to attain comparatively higher levels of respiration. The increased respiration would result in increased motility, capacitation and fertilizing ability, resulting in the meiotic drive of the ¿-bearing spermatozoa.
Although there have been several hypotheses advanced to explain meiotic drive (Zimmering, Sandier & Nicoletti, 1970) , the present studies show that competition best fits the meiotic drive found in ¿-alíele spermatozoa. Although all spermatozoa from T+¡t" and Tjt" males are functional, the ¿-bearing spermatozoa are at a selective advantage because of their increased ability to utilize specific metabolic substrates aerobically. This competitive advantage may also be augmented by differences of membrane structure or antigenicity of the ¿-bearing spermatozoa (Bennett, Goldberg, Dunn & Boyse, 1972) .
